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(7+$12/

,QWURGXFWLRQ

7KH�SXUSRVH�RI�WKLV�VKRUW�SDSHU�LV�WR�VXPPDUL]H�LQIRUPDWLRQ�DERXW�HWKDQRO V�KHDOWK�DQG

HQYLURQPHQWDO�HIIHFWV��JLYHQ�HWKDQRO V�XVH�DV�D�IXHO�R[\JHQDWH���7KH�FRQFOXVLRQV�DUH�������HWKDQRO

LV�UHDGLO\�GHJUDGHG�LQ�WKH�HQYLURQPHQW������DQWLFLSDWHG�KXPDQ�H[SRVXUHV�WR�HWKDQRO�DUH�YHU\

ORZ��DQG�����YROXPLQRXV�LQIRUPDWLRQ�RQ�PHWDEROLVP�RI�HWKDQRO�E\�KXPDQV��DQG�RQ�WKH�KHDOWK

HIIHFWV�RI�LQJHVWHG�HWKDQRO��VWURQJO\�VXJJHVWV�WKDW�HQYLURQPHQWDO�H[SRVXUHV�WR�HWKDQRO�ZLOO�KDYH

QR�DGYHUVH�KHDOWK�LPSDFW�

(QYLURQPHQWDO�EHKDYLRU

5HFHQW�UHYLHZV�RI�WKH�HQYLURQPHQWDO�EHKDYLRU�RI�JDVROLQH�R[\JHQDWHV�JHQHUDOO\�QRWH�WKDW�HWKDQRO

LV�QRW�OLNHO\�WR�DFFXPXODWH�RU�SHUVLVW�IRU�ORQJ�LQ�WKH�HQYLURQPHQW����)RU�H[DPSOH��WKH

,QWHUDJHQF\�$VVHVVPHQW�RI�2[\JHQDWHG�)XHOV��167&��������REVHUYHV�WKDW�HWKDQRO�LV�H[SHFWHG

WR�EH�UDSLGO\�GHJUDGHG�LQ�JURXQGZDWHU�DQG�LV�QRW�H[SHFWHG�WR�SHUVLVW�EH\RQG�VRXUFH�DUHDV��

(WKDQRO�LQ�VXUIDFH�ZDWHU�LV�DOVR�H[SHFWHG�WR�XQGHUJR�UDSLG�ELRGHJUDGDWLRQ��DV�ORQJ�DV�LW�LV�QRW

SUHVHQW�LQ�FRQFHQWUDWLRQV�GLUHFWO\�WR[LF�WR�PLFURRUJDQLVPV��167&��������0DOFROP�3LUQLH��,QF��

���������7KH�KDOI�OLIH�RI�HWKDQRO�LQ�VXUIDFH�ZDWHU�LV�UHSRUWHG�WR�UDQJH�IURP�����WR����KRXUV

�+RZDUG�HW�DO�����������$WPRVSKHULF�GHJUDGDWLRQ�LV�DOVR�SUHGLFWHG�WR�EH�UDSLG��0DOFRP�3LUQLH�

,QF���������

,Q�SDUW��H[SHFWDWLRQV�RI�HWKDQRO V�GHJUDGDELOLW\�UHO\�RQ�H[SHULPHQWV�WKDW�XVH�PLFURFRVPV�RI

JURXQGZDWHU�DQG�VRLO�PL[WXUHV�WR�GHPRQVWUDWH�WKDW�HWKDQRO�LV�UDSLGO\�GHJUDGHG�ERWK�DHURELFDOO\

�����PJ�O�LQ���GD\V��&RUVHXLO�HW�DO����������DQG�DQDHURELFDOO\������PJ�O�LQ���WR����GD\V�

GHSHQGLQJ�RQ�FRQGLWLRQV��&RUVHXLO�HW�DO������������PJ�O�ZLWKLQ����GD\V��6XIOLWD�DQG�0RUPLOH�

����������PJ�O�ZLWKLQ����GD\V��<HK�DQG�1RYDN����������,Q�WKHVH�H[SHULPHQWV��HWKDQRO�JHQHUDOO\

GHOD\V�GHJUDGDWLRQ�RI�%7;��EXW�QRW�DOZD\V��DQG�VRPH�LQYHVWLJDWRUV��&RUVHXLO�HW�DO��������

FDXWLRQ�DJDLQVW�JHQHUDOL]DWLRQV�DERXW�HWKDQRO V�HIIHFW�

+HDOWK�HIIHFWV

(WKDQRO��WKH�DFWLYH�LQJUHGLHQW�RI�DOFRKROLF�EHYHUDJHV��KDV�EHHQ�SDUW�RI�WKH�KXPDQ�GLHW�&�DQG�WKH

KXPDQ�HQYLURQPHQW�&�IRU�WKRXVDQGV�RI�\HDUV���,W�LV�SURGXFHG�E\�IHUPHQWDWLRQ�E\�IXQJL�DQG

RWKHU�PLFURRUJDQLVPV��DQG�LV�IRXQG�DW�ORZ�OHYHOV�LQ�WKH�EORRG�DQG�EUHDWK�RI�SHUVRQV�ZKR�GR�QRW

GULQN�DOFRKRO���%LRORJLFDO�H[SRVXUHV�DQG�UHVSRQVHV�WR�HWKDQRO�DUH�W\SLFDOO\�HYDOXDWHG�LQ�WHUPV�RI

WKH�EORRG�FRQFHQWUDWLRQV��ZKHUH�WKH�XQLWV�RI�FRQFHQWUDWLRQ�DUH�PLOOLJUDPV�RI�HWKDQRO�SHU

GHFLOLWHU�RI�EORRG��RU�PJ�GO���6RPH�EORRG�HWKDQRO�FRQFHQWUDWLRQV��%(&��DQG�DVVRFLDWHG�HIIHFWV

DUH�VKRZQ�LQ�7DEOH�����(QGRJHQRXV�EORRG�OHYHOV�RI�HWKDQRO�UDQJH�IURP�QRQ�GHWHFWDEOH�WR�����

PJ�GO�WR������PJ�GO��-RQHV��������/HVWHU����������$�W\SLFDO�DOFRKROLF�EHYHUDJH�FRQWDLQV����J�RI
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DOFRKRO��FRUUHVSRQGV�WR�D�GRVH�RI�DERXW�����PJ�NJ�IRU�D����NJ�DGXOW��DQG�SURGXFHV�D�SHDN�EORRG

HWKDQRO�FRQFHQWUDWLRQ�RQ�WKH�RUGHU�RI����PJ�GO���/HJDO�OLPLWV�RQ�EORRG�DOFRKRO�IRU�GULYHUV�RI

YHKLFOHV�DUH�W\SLFDOO\��������PJ�GO�

(WKDQRO�LV�ZLGHO\�LQJHVWHG�LQ�DOFRKROLF�EHYHUDJHV��XVXDOO\�ZLWK�RQO\�PLOG�HIIHFWV���+RZHYHU��DW

VXIILFLHQWO\�KLJK�GRVHV��HWKDQRO�FDQ�FDXVH�WR[LF�HIIHFWV�LQ�KXPDQV��ERWK�VKRUW�WHUP��VXFK�DV

LQHEULDWLRQ��DQG�ORQJ�WHUP��VXFK�DV�FLUUKRVLV�RI�WKH�OLYHU����,I�HWKDQRO�EHFRPHV�D�FRPPRQ�IXHO

DGGLWLYH��WKHUH�PD\�EH�RSSRUWXQLWLHV�IRU�H[SRVXUH�E\�LQKDODWLRQ��HWKDQRO�YDSRUV�PLJKW�EH�LQKDOHG

DW�JDVROLQH�VWDWLRQV�RU�LQ�DXWRPRELOHV��IRU�H[DPSOH���7KXV��FRQFHUQ�KDV�EHHQ�UDLVHG�DERXW�WKH

SRVVLEOH�KHDOWK�FRQVHTXHQFHV�RI�XVLQJ�HWKDQRO�IRU�WKLV�SXUSRVH�

7KH�VFLHQWLILF�OLWHUDWXUH�FRQWDLQV�YLUWXDOO\�QR�UHSRUWV�RI�LQMXU\�WR�KXPDQV�IURP�LQKDOHG�HWKDQRO�

�7KH�DSSDUHQW�ODFN�RI�KDUP�PD\�EH�DWWULEXWDEOH�WR�UDSLG�PHWDEROLVP�RI�HWKDQRO�DQG�WKH

GLIILFXOW\�LQ�VLJQLILFDQWO\�UDLVLQJ�EORRG�HWKDQRO�FRQFHQWUDWLRQV�E\�LQKDODWLRQ�H[SRVXUH��ZKLFK

NHHS�LQWHUQDO�GRVHV�H[WUHPHO\�ORZ�H[FHSW�LQ�XQXVXDO�VLWXDWLRQV��VXFK�DV�KHDY\�H[HUFLVH�LQ�WKH

SUHVHQFH�RI�FRQFHQWUDWHG�YDSRUV���7KH�RFFXSDWLRQDO�VWDQGDUG�IRU�HWKDQRO�LQ�DLU�LV������SSP

������PJ�P���RQ�DQ�HLJKW�KRXU�EDVLV���7KH�RFFXSDWLRQDO�H[SHULHQFH�ZLWK�HWKDQRO�LQ�DLU�DSSHDUV

WR�EH�IDYRUDEOH��QR�V\PSWRPV�DW�OHYHOV�EHORZ������SSP�DUH�UHSRUWHG��DW�WKLV�RU�KLJKHU

FRQFHQWUDWLRQV��HWKDQRO�YDSRU�FDXVHV�H\H�DQG�XSSHU�UHVSLUDWRU\�WUDFW�LUULWDWLRQ��IDWLJXH�

KHDGDFKH��DQG�VOHHSLQHVV��$&*,+��������&OD\WRQ�DQG�&OD\WRQ����������1R�UHSRUWV�UHJDUGLQJ

FKURQLF�H[SRVXUH�RI�KXPDQV�WR�HWKDQRO�YDSRUV�KDYH�EHHQ�ORFDWHG�

/DERUDWRU\�DQLPDOV��FKLHIO\�UDWV��KDYH�EHHQ�VXEMHFWHG�WR�LQKDODWLRQ�H[SRVXUH�LQ�D�YDULHW\�RI

H[SHULPHQWV��PRVW�LQYHVWLJDWLQJ�DVSHFWV�RI�FHQWUDO�QHUYRXV�V\VWHP�RU�GHYHORSPHQWDO�WR[LFLW\��

7KH�PDMRULW\�RI�H[SRVXUHV�KDYH�EHHQ�VKRUW�WHUP��RI�OHVV�WKDQ�WZR�ZHHNV��EXW�PDQ\�RI�WKHVH�ZHUH

FRQWLQXRXV���7KH�VWXG\�RI�ORQJHVW�GXUDWLRQ�����GD\V��DOVR�XVHG�WKH�ORZHVW�FRQFHQWUDWLRQ�RI

HWKDQRO�����PJ�P������SSP���RWKHUZLVH��H[SHULPHQWDO�GHVLJQV�W\SLFDOO\�SURGXFHG�DWPRVSKHUHV

RI�WKRXVDQGV�RI�PJ�P���RU�SSP���IUHTXHQWO\�LQ�RUGHU�WR�GHYHORS�HWKDQRO�GHSHQGHQFH���%ORRG

HWKDQRO�FRQFHQWUDWLRQV�ZHUH�RIWHQ��EXW�QR�DOZD\V��GHWHUPLQHG���7KH�JUHDW�PDMRULW\�RI�%(&

PHDVXUHPHQWV�ZHUH�DERYH�����PJ�GO�

7KH�SDXFLW\�RI�GLUHFW�HYLGHQFH�UHJDUGLQJ�WKH�SRVVLEOH�HIIHFWV�RI�LQKDOHG�HWKDQRO�GRHV�QRW�PHDQ�

KRZHYHU��WKDW�WKH�SRVVLEOH�FRQVHTXHQFHV�DUH�XQSUHGLFWDEOH���,Q�IDFW��WKH�GDWD�VWURQJO\�VXJJHVW

WKDW�H[SRVXUH�RI�WKH�JHQHUDO�SXEOLF�WR�HWKDQRO�YDSRUV�FRPLQJ�IURP�R[\JHQDWHG�JDVROLQH�LV�YHU\

XQOLNHO\�WR�KDYH�DQ\�DGYHUVH�FRQVHTXHQFHV���:KLOH�WKHUH�LV�OLWWOH��LI�DQ\�GDWD��RQ�WKH�WR[LFLW\�RI

LQJHVWHG�HWKDQRO�LWVHOI�LQ�KXPDQV��LW�LV�JHQHUDOO\�DFFHSWHG�WKDW�WKH�YDVW�OLWHUDWXUH�RQ�WKH�HIIHFWV

RI�DOFRKROLF�EHYHUDJHV�LV�KLJKO\�UHOHYDQW���$OFRKRO�DEXVH�LV�D�VLJQLILFDQW�PHGLFDO�DQG�VRFLDO

SUREOHP��DQG�LV�WKH�LPSHWXV�IRU�PRVW�UHVHDUFK�LQWR�HWKDQRO�WR[LFRORJ\��ERWK�LQ�KXPDQV�DQG

H[SHULPHQWDO�DQLPDOV���$�FRQVHTXHQFH�RI�WKLV�LV�WKDW�OLWWOH�H[SHULPHQWDO�GDWD�DGGUHVV�WKH�OHYHOV

RI�LQWHUQDO�H[SRVXUH�WKDW�FDQ�EH�UHDVRQDEO\�DQWLFLSDWHG�WR�UHVXOW�IURP�XVLQJ�HWKDQRO�DV�DQ

R[\JHQDWH���$�VHFRQG�PRWLYDWLRQ�IRU�H[SHULPHQWDO�ZRUN�LQ�HWKDQRO�LV�IHWDO�DOFRKRO�V\QGURPH��RU



Cambridge Environmental Inc

�� &KDUOHV 6WUHHW &DPEULGJH� 0DVVDFKXVHWWV �����

������������ )$;� ������������ (�PDLO� LQIR#&DPEULGJH(QYLURQPHQWDO�FRP

�

IHWDO�DOFRKRO�HIIHFWV��ZKLFK��LQ�WKHRU\�DW�OHDVW��FRXOG�EH�FDXVHG�E\�UHODWLYHO\�EULHI�PDWHUQDO

H[SRVXUHV�WR�HWKDQRO�GXULQJ�SUHJQDQF\�

6LQFH�HWKDQRO
V�LPSRUWDQW�WR[LF�HIIHFWV�UHTXLUH�WKDW�WKH�PDWHULDO�ILUVW�HQWHU�WKH�EORRGVWUHDP��RQH

FDQ�HYDOXDWH�LQKDODWLRQ�H[SRVXUHV�LQ�WHUPV�RI�WKH�EORRG�DOFRKRO�FRQFHQWUDWLRQV�WKH\�ZRXOG

SURGXFH���3UHGLFWLRQ�RI�%(&�IROORZLQJ�H[SRVXUH�WR�HWKDQRO�YDSRUV�PXVW�FRQVLGHU�VHYHUDO�IDFWRUV�

�D���WKH�FRQFHQWUDWLRQ�RI�HWKDQRO�LQ�DLU���E��WKH�GXUDWLRQ�RI�H[SRVXUH���F��EUHDWKLQJ�UDWH���G�

DEVRUSWLRQ�RI�HWKDQRO�DFURVV�WKH�OXQJV��DQG��H��WKH�ERG\
V�HOLPLQDWLRQ�UDWH�RI�HWKDQRO���7ZR�RI

WKHVH�IDFWRUV�DUH�PRUH�RU�OHVV�FRQVWDQW�LQ�HYHU\�VLWXDWLRQ���([SHULPHQWV�LQ�KXPDQV�KDYH�VKRZQ

WKDW�IURP�����WR�����RI�LQKDOHG�YDSRUV�DUH�DEVRUEHG�LQWR�WKH�EORRGVWUHDP��.UXKRIIHU�������

/HVWHU�DQG�*UHHQEHUJ����������7KH�UDWH�RI�FOHDUDQFH�RI�HWKDQRO�IURP�WKH�EORRG��9
PD[
��LV�DERXW

���PJ�GO�KU��3RKRUHFN\�DQG�%ULFN��������EXW�PD\�EH�DV�KLJK�DV����PJ�GO�KU��+ROIRUG��������

WKHVH�UDWHV�FRUUHVSRQG�WR�HOLPLQDWLRQ�RI����PJ�NJ�KU�WR�����PJ�NJ�KU��RU�DERXW���WR���J�RI

HWKDQRO�SHU�KRXU�IRU�DQ�DGXOW���)RU�FRPSDULVRQ
V�VDNH��LW�VKRXOG�EH�QRWHG�WKDW�D�VLQJOH�DOFRKROLF

GULQN�FRQWDLQV�DERXW����J�RI�HWKDQRO��,$5&��������

$V�ORQJ�DV�D�SHUVRQ
V�LQWDNH�RI�HWKDQRO�GRHV�QRW�H[FHHG�9
PD[
��EORRG�DOFRKRO�OHYHOV�ZLOO�VWD\�ORZ���

,Q�7DEOH���DUH�VKRZQ�WKH�LQWDNH�UDWHV�IRU�HWKDQRO�LQKDOHG�XQGHU�D�YDULHW\�RI�FRQGLWLRQV�

DVVXPLQJ�DEVRUSWLRQ�DFURVV�WKH�OXQJV�RI�����DQG�D�VWDQGDUG�ERG\�ZHLJKW�RI����NJ���,Q�EROG

W\SH�DUH�LQWDNHV�DERYH����PJ�NJ�KU��WKH�ORZHU�HVWLPDWH�RI�DOFRKRO�FOHDUDQFH��H[SRVXUH�XQGHU

WKHVH�FRQGLWLRQV�FRXOG�OHDG�WR�DQ�DFFXPXODWLRQ�RI�HWKDQRO�LQ�WKH�EORRG�DQG�D�ULVLQJ�%(&���8QGHU

WKH�RWKHU�FRQGLWLRQV�JLYHQ��WKH�ERG\
V�DELOLW\�WR�HOLPLQDWH�HWKDQRO�LV�QRW�H[FHHGHG��DQG�%(&

OHYHOV�ZRXOG�UHPDLQ�EHORZ�WR[LF�OHYHOV�

7KH�FDOFXODWLRQV�VXJJHVW�WKDW�H[SRVXUH�WR�HWKDQRO�YDSRUV�WKDW�DUH�LUULWDWLQJ�WR�WKH�H\HV�DQG

PXFRXV�PHPEUDQHV��ZKLOH�XQFRPIRUWDEOH��ZRXOG�QRW�FDXVH�D�VLJQLILFDQW�ULVH�LQ�%(&�LQ�SHUVRQV

DW�UHVW���$V�DFWLYLW\�LQFUHDVHV��HWKDQRO�LQWDNH�LQFUHDVHV��EXW�YDSRU�FRQFHQWUDWLRQV�ZRXOG�QHHG�WR

H[FHHG�WKH�RFFXSDWLRQDO�OLPLW�E\�D�VXEVWDQWLDO�PDUJLQ�LQ�RUGHU�WR�FDXVH�D�ULVH�LQ�%(&���6RPH

H[SHULPHQWDO�ZRUN�GHPRQVWUDWHV�WKDW�VLJQLILFDQW�XSWDNH�RI�HWKDQRO�WKURXJK�WKH�DLU�LV�XQXVXDO�

RU�GLIILFXOW��DV�VKRZQ�LQ�7DEOH�����0RGHUDWH�DFWLYLW\�LQ�WKH�SUHVHQFH�RI�LUULWDWLQJ�YDSRUV�LV

UHTXLUHG�

3RVVLEOH�LQKDODWLRQ�H[SRVXUHV�WR�HWKDQRO�GXH�WR�XVH�LQ�JDVROLQH

2SSRUWXQLWLHV�IRU�LQKDODWLRQ�H[SRVXUH�RI�WKH�JHQHUDO�SXEOLF�WR�HWKDQRO�XVHG�DV�D�JDVROLQH

R[\JHQDWH�LQFOXGH�YDSRUV�LQKDOHG�ZKLOH�IXHOLQJ�YHKLFOHV�DQG�DPELHQW�DLU���7KH�ILUVW�VRUW�RI

H[SRVXUH�ZRXOG�EH�UHODWLYHO\�EULHI��QR�PRUH�WKDQ�ILYH�PLQXWHV��SHUKDSV��ZKLOH�WKH�VHFRQG�FRXOG

ODVW�IRU�PDQ\�KRXUV���7KHVH�VFHQDULRV�DUH�FRQVLGHUHG�LQ�PRUH�GHWDLO�EHORZ�

9HU\�OLPLWHG�LQYHVWLJDWLRQV�RI�SHUVRQDO�H[SRVXUHV�GXULQJ�UHIXHOLQJ�KDYH�VR�IDU�IDLOHG�WR�GHWHFW

HWKDQRO��ZKHUH�GHWHFWLRQ�OLPLWV�ZHUH����SSP�RU�OHVV��+(,����������,I�UHIXHOLQJ�LQYROYHG�ILYH�
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PLQXWH�H[SRVXUHV�DW�WKH�RFFXSDWLRQDO�OLPLW�RI�������SSP��DQ�DGXOW�PLJKW�UHFHLYH�DQ�HWKDQRO

GRVH�RI������J��DERXW���PJ�NJ����6XFK�DQ�H[SRVXUH�PLJKW�LQFUHDVH�%(&�E\�DERXW�����PJ�GO��DW

PRVW���([SRVXUH�WR�VXFK�D�KLJK�OHYHO�RI�HWKDQRO�LV�XQOLNHO\���7KH�+HDOWK�(IIHFWV�,QVWLWXWH

HYDOXDWHG�K\SRWKHWLFDO�H[SRVXUHV�RI���SSP�IRU�WKUHH�PLQXWHV�DQG����SSP�IRU����PLQXWHV��DQG

GHWHUPLQHG�WKDW�LQFUHPHQWDO�FKDQJHV�LQ�%(&�ZRXOG�EH�LQVLJQLILFDQW��+(,��������

'DWD�RQ�DPELHQW�DLU�FRQFHQWUDWLRQV�RI�HWKDQRO�DUH�IHZ���7KH�DYHUDJH�DPELHQW�OHYHO�LQ�DLU�LQ�WKH

FLW\�RI�3RUWR�$OHJUH��%UD]LO��ZKHUH�����RI�YHKLFOHV�UXQ�HQWLUHO\�RQ�HWKDQRO��LV����SSE�������

PJ�P����*URVMHDQ�HW�DO�����������7KH�ORZHVW�FRQFHQWUDWLRQ�RI�HWKDQRO�WHVWHG�IRU�WR[LFLW\�LQ

DQLPDOV�ZDV�DOPRVW�������WLPHV�JUHDWHU�WKDQ�WKLV�����PJ�P������SSP����$�SHUVRQ�PLJKW�UHFHLYH

KDOI�D�PLOOLJUDP�RI�HWKDQRO�SHU�GD\�IURP�DPELHQW�DLU�FRQWDLQLQJ����SSE�RI�HWKDQRO��D�QHJOLJLEOH

GRVH�

2WKHU�KHDOWK�HIIHFWV�LVVXHV

6RPH�RI�HWKDQRO
V�NQRZQ�RU�VXVSHFWHG�WR[LF�HIIHFWV�KDYH�QRW�EHHQ��RU�FDQ�QRW�EH��TXDQWLILHG�LQ

WHUPV�RI�%(&���)HWDO�DOFRKRO�V\QGURPH��)$6���IRU�H[DPSOH��LV�FRQVWHOODWLRQ�RI�SK\VLFDO�DQG

PHQWDO�GHILFLHQFLHV�LQ�FKLOGUHQ�OLQNHG�WR�PDWHUQDO�DOFRKRO�LQJHVWLRQ���5LVN�RI�)$6�LV�D�IXQFWLRQ

RI�DOFRKRO�LQWDNH�GXULQJ�SUHJQDQF\���WKH�IUHTXHQF\�RI�WKLV�V\QGURPH�LV�WZLFH�DV�JUHDW�IRU

FKLOGUHQ�RI�KHDY\�GULQNHUV�DV�IRU�FKLOGUHQ�RI�PRGHUDWH�RU�QRQ�GULQNHUV��6FKDUGHLQ���������

:KLOH�LW�PD\�EH�SUXGHQW�WR�DEVWDLQ�IURP�DOFRKRO�GXULQJ�SUHJQDQF\��D�ULVN�IURP�GDLO\

FRQVXPSWLRQ�RI�OHVV�WKDQ����J�RI�DOFRKRO�KDV�QRW�EHHQ�SURYHG��6FKDUGHLQ����������&DQFHU�RI

FHUWDLQ�RUJDQV�KDV�EHHQ�REVHUYHG�WR�RFFXU�DW�HOHYDWHG�UDWHV�LQ�VRPH�JURXSV�RI�GULQNHUV�&�WKH

:RUOG�+HDOWK�2UJDQL]DWLRQ��IRU�H[DPSOH��KDV�OLQNHG�DOFRKRO�FRQVXPSWLRQ�WR�FDQFHUV�RI�WKH�RUDO

FDYLW\��SKDU\Q[��HVRSKDJXV��ODU\Q[��DQG�OLYHU��,$5&����������,Q�DOPRVW�DOO�RI�WKH�VWXGLHV��ULVNV

ZHUH�REVHUYHG�DPRQJ�DOFRKROLFV�RU�ZHUH�VHHQ�WR�LQFUHDVH�ZLWK�FRQVXPSWLRQ�

)LQDOO\��LI�ZH�ORRN�WR�KXPDQ�H[SHULHQFH�ZLWK�DOFRKRO�FRQVXPSWLRQ�IRU�LQIRUPDWLRQ�UHJDUGLQJ

WR[LF�HIIHFWV�RI�HWKDQRO��LW�LV�IDLU�DOVR�WR�ORRN�DW�WKH�HYLGHQFH�IRU�SRVVLEOH�KHDOWK�EHQHILWV��

1XPHURXV�HSLGHPLRORJLF�VWXGLHV�KDYH�REVHUYHG�WKDW�OLJKW�WR�PRGHUDWH�GULQNHUV�RI�DOFRKRO�KDYH

ORZHU�PRUWDOLW\�UDWHV�WKDQ�HLWKHU�DOFRKRO�DEVWDLQHUV�RU�KHDY\�GULQNHUV���5HGXFHG�PRUWDOLW\�LV

GXH�WR�GHFUHDVHG�UDWHV�RI�IDWDO�FRURQDU\�KHDUW�GLVHDVH�DQG�FDUGLRYDVFXODU�GLVHDVH���7R�EH�VXUH�

WKH�SLFWXUH�LV�FRPSOLFDWHG��YDU\LQJ�E\�VH[��DJH��DQG�GLVHDVH�ULVN�IDFWRUV��DQG�FRPSHWLQJ�FDXVHV

RI�GHDWK���:H�DUH�QRW�VXJJHVWLQJ�WKDW�ORZ�OHYHO�H[SRVXUHV�WR�HWKDQRO�GXH�WR�LWV�XVH�DV�DQ

R[\JHQDWH�LV�GHVLUDEOH���$W�WKH�OHDVW��KRZHYHU��WKH�DSSDUHQW�EHQHILFLDO�HIIHFWV�RI�DOFRKRO��RU

HWKDQRO��IRU�VRPH�FRKRUWV�VKRXOG�EH�UHFRJQL]HG�

&RQFOXVLRQ

,W�LV�KLJKO\�XQOLNHO\�WKDW�H[SRVXUH�WR�DLUERUQH�HWKDQRO�DVVRFLDWHG�ZLWK�JDVROLQH�XVH�FRXOG

SURGXFH�WR[LF�HIIHFWV���7KH�UHDVRQV�IRU�WKLV�DUH��D��WKH�WLQ\�GRVHV�WKDW�PLJKW�EH�UHFHLYHG��ZKLFK

PLJKW�QRW�EH�REVHUYDEOH�LQ�OLJKW�RI�HQGRJHQRXV�OHYHOV�RI�HWKDQRO�LQ�EORRG���E���WKH�ERG\
V�UDSLG
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HOLPLQDWLRQ�RI�HWKDQRO��DQG��F��WKH�UHODWLYHO\�ODUJH�GRVHV�RI�HWKDQRO�DQG�KLJK�EORRG�OHYHOV�RI

HWKDQRO�DVVRFLDWHG�ZLWK�WR[LF�HIIHFWV�LQ�SHRSOH���1R�GDWD�LQ�WKH�VFLHQWLILF�OLWHUDWXUH�VXSSRUW�WKH

K\SRWKHVLV�WKDW�FKURQLF�H[SRVXUH�WR�QRQ�LUULWDWLQJ�OHYHOV�RI�HWKDQRO�LQ�DLU�FRXOG�FDXVH�VLJQLILFDQW

HOHYDWLRQ�RI�%(&��XQOHVV�H[SRVHG�LQGLYLGXDOV�DUH�H[HUFLVLQJ�DW�WKH�WLPH���RU�WKDW�D�ULVN�RI�FDQFHU

RU�ELUWK�GHIHFWV�ZRXOG�EH�FUHDWHG���$�UHFHQW�VXUYH\�RI�WKH�OLWHUDWXUH�UHJDUGLQJ�WKH�LQKDODWLRQ

WR[LFLW\�RI�HWKDQRO�E\�WKH�6ZHGLVK�,QVWLWXWH�IRU�(QYLURQPHQWDO�0HGLFLQH�UHDFKHG�VLPLODU

FRQFOXVLRQV��QDPHO\�WKDW�$D�KLJK�EORRG�FRQFHQWUDWLRQ�RI�HWKDQRO�LV�QHHGHG�IRU�WKH�GHYHORSPHQW

RI�DGYHUVH�HIIHFWV#�DQG�$HWKDQRO�DW�ORZ�DLU�FRQFHQWUDWLRQV�VKRXOG�QRW�FRQVWLWXWH�D�ULVN�IRU�WKH

JHQHUDO�SRSXODWLRQ��$QGHUVVRQ�DQG�9LFWRULQ��������
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7DEOH�����(WKDQRO�'RVH�5HVSRQVH�'DWD

%(&��PJ�GO� 2EVHUYDWLRQ 5HIHUHQFH

��������� (QGRJHQRXV��L�H��QDWXUDO�

O O

-RQHV��������/HVWHU������

�� FHQWUDO�QHUYRXV�V\VWHP

VWLPXODQW��WDONDWLYHQHVV�

O WL

3RKRUHFN\�DQG�%ULFN������

��� OHJDO�OLPLW�IRU�DXWRPRELOH

GULYHUV�LQ�PDQ\�VWDWHV

!��� FHQWUDO�QHUYRXV�V\VWHP

GHSUHVVDQW��GHFUHDVHG

VHQVRU\�DQG�PRWRU�IXQFWLRQ�

GHFUHDVHG�PHQWDO�DQG

3RKRUHFN\�DQG�%ULFN������

��� QR�HIIHFW�RQ�KHDUW�IXQFWLRQ 3RKRUHFN\�DQG�%ULFN������

��� QR�HIIHFW�RQ�FHUHEUDO�EORRG

IORZ��HIIHFWV�RFFXU�DERYH�WKLV

O O

3RKRUHFN\�DQG�%ULFN������

��� VWXSHIDFWLRQ 3RKRUHFN\�DQG�%ULFN������

��� SRVVLEOH�OHWKDO�OHYHO 3RKRUHFN\�DQG�%ULFN������
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9HQWLODWLRQ
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,QWDNH�UDWH�RI�HWKDQRO

�PJ�NJ�KU�

ZKHQ�WKH�FRQFHQWUDWLRQ�LQ�DLU�LV
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���

�RFFXSDWLRQDO

VWDQGDUG�

� ��

�FDXVHV

FRXJKLQJ�DQG

H\H�LUULWDWLRQ�

DGDSWDWLRQ

RFFXUV�

�� ��

�FDXVHV

FRQWLQXRXV

ODFULPDWLRQ�

���UHVW� � �� �� �� ��

����PRGHUDWH

DFWLYLW\�

�� �� ��� ��� ���

����KHDY\
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7DEOH�����([SHULPHQWDO�VWXGLHV�RI�YDSRU�XSWDNH�E\�KXPDQV
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&RQFHQWUDWLRQ

RI�HWKDQRO�LQ

DLU

� �O�

'XUDWLRQ�RI

H[SRVXUH

�KU�

%(&

�PJ�GO�

6\PSWRPV 5HIHUHQFH
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UHSRUWHG

&DPSEHOO

DQG�:LOVRQ

�� �� VWHDG\
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YDSRUV

LUULWDWLQJ

EXW

DGDSWDWLRQ

RFFXUUHG��QR

/HVWHU�DQG

*UHHQEHUJ
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ULVLQJ

YDSRUV

LUULWDWLQJ

EXW

DGDSWDWLRQ

RFFXUUHG��QR

/HVWHU�DQG

*UHHQEHUJ
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DYHUDJH
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5HIHUHQFHV

$QGHUVVRQ��3��DQG�9LFWRULQ��.�����������,QKDODWLRQ�RI�(WKDQRO��/LWHUDWXUH�6XUYH\�DQG�5LVN

$VVHVVPHQW���,00��UDSSRUW��������,QVWLWXWHW�IRU�0LOMRPHGLFLQ��,QVWLWXWH�RI

(QYLURQPHQWDO�0HGLFLQH���.DUROLQVND�,QVWLWXWH��6WRFNKROP��6ZHGHQ�

$PHULFDQ�&RXQFLO�RI�*RYHUQPHQWDO�,QGXVWULDO�+\JLHQLVWV��$&*,+�����������'RFXPHQWDWLRQ�RI

WKH�7KUHVKROG�/LPLW�9DOXHV�DQG�%LRORJLFDO�([SRVXUH�,QGLFHV��VL[WK�HGLWLRQ���&LQFLQQDWL�

2+�

&DPSEHOO��/��DQG�:LOVRQ��+�����������-��)RUHQVLF�6FL��6RF���������

&OD\WRQ��*��DQG�&OD\WRQ��)�����������3DWW\ V�,QGXVWULDO�+\JLHQH�DQG�7R[LFRORJ\��IRXUWK�HGLWLRQ�

1HZ�<RUN��-RKQ�:LOH\�	�6RQV�

&RUVHXLO��+�;���+XQW��&�6���)HUUHLUD��5�&���HW�DO�����������:DW��5HV�������������

*URVMHDQ��(���*URVMHDQ��'���*XQDZDUGHQD��5���DQG�5DVPXVVHQ�5�$�����������(QYLURQ��6FL�

7HFKQRO���������

+HDOWK�(IIHFWV�,QVWLWXWH��+(,�����������7KH�3RWHQWLDO�+HDOWK�(IIHFWV�RI�2[\JHQDWHV�$GGHG�WR

*DVROLQH��$�5HYLHZ�RI�WKH�&XUUHQW�/LWHUDWXUH���+(,��&DPEULGJH��0$�

+ROIRUG��1�����������&OLQ��3KDUPDFRNLQ���������

+RRSHU��*���6WHHG��.�3���*LWWLQV��'�3���HW�DO�����������5HVS��0HG���������

+RZDUG��3�+���%RHWKOLQJ��5�6���-DUYLV��:�)��HW�DO�����������+DQGERRN�RI�(QYLURQPHQWDO

'HJUDGDWLRQ�5DWHV���/HZLV�3XEOLVKHUV��&KHOVHD��0,�

+6'%����������+D]DUGRXV�6XEVWDQFHV�'DWD%DQN�UHFRUG�IRU�HWKDQRO�

,$5&����������,$5&�0RQRJUDSKV�RQ�WKH�(YDOXDWLRQ�RI�&DUFLQRJHQLF�5LVNV�WR

+XPDQV�YRO�������:RUOG�+HDOWK�2UJDQL]DWLRQ��/\RQ��)UDQFH�

-RQHV��$�:�����������-��$QDO��7R[LFRO��������

.UXKRIIHU��3�����������)RUHQVLF�6FL��,QW������

/HVWHU��'�����������4XDUW��-��6WXG��$OFRKRO�������
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/HVWHU��'��DQG�*UHHQEHUJ��/�����������4��-��6WXG��$OFRKRO�������

0DOFROP�3LUQLH��,QF�����������(YDOXDWLRQ�RI�WKH�)DWH�DQG�7UDQVSRUW�RI�(WKDQRO�LQ�WKH

(QYLURQPHQW���3UHSDUHG�IRU�WKH�$PHULFDQ�0HWKDQRO�,QVWLWXWH�

0DVRQ��-��DQG�%ODFNPRUH��'�����������0HGLFLQH�6FL��/DZ�����������

0\RX��6���)XMLPXUD��0���1LVKL��.���HW�DO�����������$OOHUJ\�������

1DWLRQDO�6FLHQFH�DQG�7HFKQRORJ\�&RXQFLO��167&�����������,QWHUDJHQF\�$VVHVVPHQW�RI

2[\JHQDWHG�)XHOV���([HFXWLYH�2IILFH�RI�WKH�3UHVLGHQW�

3RKRUHFN\��/��DQG�%ULFN��-�����������3KDUPDF��7KHU���������

6FKDUGHLQ��-�����������&KHPLFDOO\�,QGXFHG�%LUWK�'HIHFWV��VHFRQG�HG���0DUFHO�'HNNHU��1HZ�<RUN�

1HZ�<RUN�

6XIOLWD��-�0��DQG�0RUPLOH��0�5����������(QYLURQ��6FL��7HFKQRO���������

:DOODFH��/�����������(QYLURQ��+HDOWK�3HUVS���������

<HK��&�.��DQG�1RYDN��-�7�����������:DWHU�(QYLURQ��5HV���������


